Beraha, Ramsey, Smith, and Wright (1959) showed that the medium upon which Penicillium digitatum was grown prior to irradiation had an effect upon the dosage needed to kill the mycelium. Information is needed, therefore, on the growth response of irradiated mycelium to explain reasons for growth response and survival in irradiated foods. This study was instituted to determine the effects of irradiation on the survival and enzyme activity of the mycelium of Aspergillus oryzae.
MATERIALS AND METHODS
Radiation facilities. The radiation source was a linear accelerator built to operate between 2.0 and 6.0 MEV. The mycelium was irradiated in a glass chamber with two aluminum windows 1 mil in thickness. The cell was 2 cm thick and 3.8 cm in diameter.
Irradiation was performed at 5.6 MEV. The energy levels of the electrons in the cathode beam varied 10 per cent. The beam was nonmonoenergetic (MacKay, 1953) . Dosimetry was performed using the ceric sulfate method (Weiss, 1952) .
Growth media. Bacto-Czapek-Dox4 (sucrose-nitrate medium) and a starch broth medium were used both as a pre-and postirradiation growth medium. The starch medium was composed of the following (per L): soluble starch, 10 g, sodium nitrate, 3.0 g, dipotassium phosphate, 1.0 g, potassium chloride, 0.5 g, magnesium sulfate, 0.5 g, and ferrous sulfate, 0.01 g. The pH of the starch medium was adjusted to 5.5, which is optimum for the activity of a-amylase of A. oryzae.
Mycelium production. A. oryzae (Ahlburg) Cohn strain 11601, was obtained from the American Type Culture Collection, Washington, D. C., and grown in shake culture on both sucrose-nitrate broth and starch broth for 60 hr. At the end of this growth period, the mycelium was washed aseptically with sterile distilled water to remove all reducing sugars. The washings were tested for reducing sugars by the method of Sumner and Howell (1935) . After washing, the mycelial pellets were ground in a Waring Blendor to make a uniform suspension so that the mycelium could be pipetted aseptically into growth flasks.
Radiation treatment. The mycelium was irradiated over a range of 0.086 to 3.87 X 106 rads in distilled water and placed in fresh sucrose-nitrate and starchnitrate broth within 2 hr after irradiation.
Growth measurement. The presence or absence of growth was noted by visual observations. One milliliter of the irradiated mycelium was inoculated in 15 ml of the growth media. The samples were incubated at room temperature for a period of 5 days.
Enzyme activity. a-Amylase activity was estimated by adding an iodine solution (0.0035 M iodine in 0.25 M potassium iodide). Decrease in the blue color of the starch medium as compared with the control (not inoculated with mold) was used as an index of aamylase activity. Sucrase activity was measured by using the method of Sumner and Howell (1935) . The presence of reducing sugars in the sucrose-nitrate medium was considered to be an indication of sucrase activity.
RESULTS
When the mycelium was grown in sucrose-nitrate medium prior to irradiation, A. oryzae was not able to grow after having been exposed to a dosage of 0.43 X 106 rads when cultured in starch broth, but grew after irradiation at a dose of 0.86 X 106 rads in sucrosenitrate broth. a-Amylase was active after having been exposed to a dosage of 0.43 X l0fi rads. Sucrase activity was observed after exposure to a dosage of 3.87 X 106 rads, as shown in figure 1.
The effect of growing the mold in a starch-nitrate medium prior to irradiation is shown in figure 2. In this case, no growth of the irradiated mycelium occurred after a dose of 0.43 X 106 rads. a-Amylase activity was observed after a dose of 3.01 X 106 rads, whereas sucrase activity was observed at 0.87 X 106 rads.
DIscussIoN
The resistance of mycelium of A. oryzae was affected by the growth medium upon which the fungus grew prior to irradiation. These findings are in agreement with those of Beraha et al. (1959) with P. digitatum. These workers also found that the resistance of Penicillium italicum was affected by the age of the mycelium at the time of irradiation. Various species differ in their resistance to irradiation. Beraha et al. (1959) found that a dosage of 0.468 X 106 rads were necessary to kill Alternaria citri. The method of preparation, as well as the age of the mycelium, may account for the survival of mycelium at a dose of 0.86 X 106 rads.
It is indicated in the literature that inactivation of enzymes in vitro is a function of concentration (Dale, Gray, and Meredith, 1949) . The results of this experiment may be explained on the basis of concentration of the enzymes in vivo. As indicated in figure 1, sucrase was still active after a dose of 3.87 X 106 rads, indicating that the concentration within the cell was high enough to prevent complete inactivation and to allow the mycelium, when replaced on sucrose-nitrate broth, to resume growth after a dose of 0.86 X 106 rads. Since the preirradiation growth had occurred on sucrose-nitrate broth, the amylase concentration level within the cell was low due to the lack of enzyme stimulation and therefore easier to inactivate; consequently, the mycelium failed to resume growth after irradiation at a lower dosage.
The data in figure 2 indicate that preirradiation growth on starch-nitrate medium stimulated amylase production, but the concentration of enzyme produced was not great enough to allow the irradiated mycelium to withstand higher doses when replaced in starch-nitrate broth.
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SUMMARY
Sucrose-nitrate and starch-nitrate broths were used as pre-and postirradiation growth media. The mycelium of Aspergillus oryzae was irradiated in distilled water, replaced in fresh sucrose-nitrate and starchnitrate broths, and evaluated for growth and enzyme activity. When A. oryzae was pregrown on sucrosenitrate medium, the mycelium withstood a higher dose of cathode rays (0.86 X 106 rads), as indicated by visual growth, in a postirradiation sucrose-nitrate medium than in a starch-nitrate medium (0.43 X 106 rads). The mycelium contained active sucrase after a dose of 3.87 X 106 rads whereas 0.43 X 106 rads inactivated a-amylase.
When the organism was pregrown on starch-nitrate medium, a different survival and enzyme inactivation pattern was produced. Death of the mycelium occurred at the same level of irradiation when the irradiated mycelium was placed in sucrose-nitrate and starch-nitrate broths. a-Amylase was active after an The biosynthesis of lysine by yeast apparently follows a different metabolic pathway than that by bacteria where diaminopimelic acid serves as an intermediate. Instead, 2-oxoadipic and 2-aminoadipic acids were postulated as the key intermediates by Strassman and Weinhouse (1953) . Recently Broquist and Stiffey (1959) observed the accumulation of hot water-extractable lysine in yeast when grown in glucose-corn steep liquor medium containing added 2-oxoadipic or 2-aminoadipic acid. The presence of corn steep liquor was reported to be important. Esposito, Albrecht, and Bullock (1959) suggested that 2-aminoadipic, a-Nsuccinyl-2-aminoadipic and a-N-succinyl lysine might serve as intermediates in the conversion process of 2-oxoadipic acid to lysine. The possibility of economical production of lysine by a process employing 2-oxoadipic acid had not been explored. The present report concerns primarily the development of commercially feasible fermentation conditions for the production of lysine-rich yeast using 2-oxoadipic acid as precursor.
The conditions adapted for producing lysine-rich yeast are similar to those used in the baking yeast industry. In this industry a large number of procedures are used and many modifications have evolved. However, certain factors are common to all the processes. The fermentation is usually started in a dilute saltmolasses solution and is characterized by strong aeration and a feeding schedule of nutrients. The feed rate of the nutrients (the wort) is designed to sustain a maximal reproduction rate of the yeast and at the same time maintain a minimal concentration of the useable carbon compounds in the fermentor (Underkofler and Hickey, 1954 Lysine determination. Five milliliters of the fermented broth were centrifuged and the cells resuspended in water to give a concentration equal to the original whole broth. The water suspension was heated to 90 to 100 C for 12 min and then cooled to room temperature. The cell debris was centrifuged off and the lysine content of the supernatant was determined microbiologically with Leuconostoc mesentetoides strain P-60 as described in Difco Manual (Difco Laboratories, Inc., 1953) .
